THE ASSOCIATION OF SINGLE NUCLEOTIDE POLYMORPHISMS IN INTRONIC REGIONS OF ISLET CELL AUTOANTIGEN 1 AND TYPE 1 DIABETES MELLITUS by Blout, Carrie Lynn
  
THE ASSOCIATION OF SINGLE NUCLEOTIDE POLYMORPHISMS IN 
INTRONIC REGIONS OF ISLET CELL AUTOANTIGEN 1 AND TYPE 1 DIABETES 
MELLITUS 
 
by 
Carrie Lynn Blout 
B.S., Dickinson College, 2004 
 
Submitted to the Graduate Faculty of 
 
Department of Human Genetics – Genetic Counseling 
 
the University of Pittsburgh in partial fulfillment 
 
of the requirements for the degree of 
 
Masters of Science 
 
University of Pittsburgh 
 
2006 
UNIVERSITY OF PITTSBURGH 
THE GRADUATE SCHOOL OF PUBLIC HEALTH 
It was defended on 
March 30, 2006 
and approved by 
Committee Member: 
Elizabeth Gettig, MS, CGC 
Associate Professor of Human Genetics 
Director, Genetic Counseling Program 
Graduate School of Public Health 
University of Pittsburgh 
 
Committee Member: 
John W. Wilson, PhD 
Assistant Professor 
Department of Biostatistics 
Graduate School of Public Health 
University of Pittsburgh 
 
Committee Member: 
Michael M. Barmada, Ph.D. 
Associate Professor of Human Genetics 
Director, Human Genetics Department Computational Resources Division 
Graduate School of Public Health 
University of Pittsburgh
 
Thesis Advisor: 
Massimo Pietropaolo, M.D. 
University of Pittsburgh Physicians Faculty UPMC 
Department of Pediatrics 
Rangos Research Center Genetic Immunology 
University of Pittsburgh 
 
This thesis was presented 
 
by 
 
Carrie Lynn Blout 
 
 ii 
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DIABETES MELLITUS  
 
Carrie L. Blout, M.S. 
 
University of Pittsburgh, 2006
 
Type 1 diabetes mellitus is a multifactorial autoimmune disease caused by a combination of 
genetic and environmental factors. Further knowledge and understanding about the genes which 
play a role in type 1 diabetes has a clear public health significance in that it will aid in the 
prediction, treatment and a possible cure. Type 1 diabetes is a chronic disease with a lengthy 
preclinical course, which eventually results in pancreatic beta cell destruction and inability of the 
body to produce insulin hormone. Type 1 diabetic patients generally require exogenous insulin to 
survive. Several genetic loci have been proposed to be linked to type 1 diabetes; however, the 
HLA and VNTR regions are currently believed to account for the majority of genetic risk, 
contributing to about 42% and 10% of an individual’s risk to develop type 1 diabetes, 
respectively. This study focuses on the candidate gene Islet Cell Autoantigen 1 (ICA1), which 
codes for the protein ICA69. This protein product is expressed in the islets of Langerhans, the 
neuroendocrine system and in the thymic medulla; this last location is an area of the body known 
to play a major role in immunologic tolerance. Preliminary studies in the NOD and B6 mouse 
models suggest that a SNP within the promoter region of Ica1 affects transcription and may 
account for altered expression in the thymus. Our current study aimed to determine whether 
single nucleotide polymorphisms within intronic regions of the human ICA1 gene differed 
between a diabetic case population and non-diabetic controls. It was hypothesized that SNPs 
within the ICA1 gene differ between cases and controls and play a role in the onset of type 1 
diabetes. Polymerase Chain Reaction (PCR) was applied for DNA amplification and the 
pyrosequencing technique was used to genotype all samples. At SNP location rs2058519 there 
was a clear genotypic difference between the cases and controls (p= .0003). These results suggest 
that genetic variation at this specific SNP location in the ICA1 may be associated with type 1 
diabetes susceptibility. The ultimate goal of this study is to determine whether our candidate 
gene ICA1 appears to play a role in the pathogenesis of type 1 diabetes.  
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1.0  INTRODUCTION 
1.1 PURPOSE OF THE STUDY 
Type 1 diabetes mellitus is a major public health disease. Approximately 1 million Americans 
currently have type 1 diabetes. Many genetic and environmental components are believed to play 
a role in diabetes onset; however, the majority of these factors remain unknown, or are not 
currently well understood. Many genetic susceptibility loci have been identified; however, few 
genetic factors have been identified to have strong associations with disease onset. The goal of 
this study is to determine if our candidate gene ICA1 may play are role the onset of type 1 
diabetes. We will determine this potential association by analyzing single nucleotide 
polymorphisms within intronic regions of this gene. We will compare several SNP loci in 
diabetic cases and non-diabetic controls to assess whether there is a significant genotypic 
difference between the two populations in one or more of the SNP locations. We hypothesized 
that single nucleotide polymorphisms within the human ICA1 gene are associated with type 1 
diabetes mellitus and therefore that we would find a significant difference between the cases and 
controls at one or more SNP loci.  
 1 
2.0  BACKGROUND AND SIGNIFICANCE 
2.1 DIABETES OVERVIEW 
Diabetes mellitus is a heterogeneous disorder causing dysregulation of carbohydrate metabolism. 
There are two major categories of this disease, termed type 1 and type 2 diabetes. Whereas type 
1 diabetes results from an autoimmune destruction of pancreatic β-cells, the far more common 
type 2 diabetes is caused by the failure of pancreatic β-cells to meet the insulin secretory 
demand, which is often triggered by insulin resistance in peripheral tissue. These two forms of 
diabetes are inherited in a multifactorial manner. There is a third type of diabetes called MODY, 
(maturity-onset diabetes of the young), which is inherited in an autosomal dominant manner (1). 
Type 1 diabetes (T1DM), also known as insulin-dependent diabetes mellitus (IDDM), is 
an autoimmune disease resulting from complex interactions between both environmental and 
genetic factors (2, 3). This disorder results from autoimmune destruction of the body’s insulin 
producing cells, the pancreatic beta cells (4). Beta cell destruction is considered the hallmark 
feature of type 1 diabetes (5). Type 1 diabetes occurs most frequently in those of northern 
European decent. It is far less common in other racial groups (3, 4). Type 1 diabetes clusters in 
particular ethnic populations such as in Finland, with an incidence of more than 40 per 10,000 a 
year, and Sardinia with an incidence of greater than 30 per 10,000 a year. In the United States, 
about 12-14 per 100,000 individuals, ages 16 years or younger, are affected each year with type 
1 diabetes. This accounts for approximately 1 million Americans (4). 
A genetic predisposition to type 1 diabetes is thought to be coupled with a humoral/ 
autoimmune response, which is believed to be caused by an environmental trigger leading to the 
destruction of the beta cell. A progressive loss of insulin secretion, follows, which advances the 
affected individual into the disease state (1, 2). The beta cells make up about 70% of the islets of 
Langerhans in the pancreas. Patients with type 1 diabetes have a nearly total loss of their beta 
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cells. However, other types of islet cells are preserved. Due to the loss of beta cells, the islets of 
diabetic patients are unusually small (4). Once the beta cells have been destroyed, the body can 
no longer effectively secret insulin to regulate blood glucose levels, a situation which results in 
hyperglycemia (5).  Current understanding of the environmental factors that trigger the 
autoimmune destruction of the beta cells in those genetically predisposed to type 1 diabetes are 
not well understood. Therefore, no mechanism is currently known to affectively prevent or 
reverse type 1 diabetes (1, 5). 
 
2.2 ENVIRONMENTAL FACTORS 
Several environmental factors have been shown to play a role in type 1 diabetes onset, 
specifically infection with the Rubella virus and the Coxsackie virus (6). Babies who are given 
cow’s milk in infancy have been shown to have an increased incidence of type 1 diabetes (7, 8). 
Cow’s milk contains bovine insulin, and it is known that humans can develop antibodies to this 
type of insulin (7, 8). One study showed that infants who were exposed to cow’s milk during the 
first three months of life had higher IgG-antibodies to bovine insulin than those who were 
breastfed. The antibodies to bovine insulin then cross-react with human insulin (7). It is believed 
that the immune response to human insulin can be diverted into an aggressive immune response 
against the Beta-cells. This provides the environmental trigger for otherwise healthy infants to 
develop a beta cell specific autoimmune response (8).  
Molecular mimicry is one proposed mechanism to explain how a viral infection leads to 
the onset of type 1 diabetes (4). In this theory, the viral particle has an amino acid sequence that 
is similar to the amino acid sequence of the beta cell protein glutamate decarboxylase, or GAD, 
which allows these two proteins to cross-react. The T-cells made by the body not only destroy 
the virus but also destroy the beta cells in the process of fighting the infection (4).  
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2.3 PHYSIOLOGY 
Normal fasting blood glucose levels should be about 60-100mg/dL, with levels rising no higher 
than 140mg/dL after a meal. In fasting states, about 50% of our glucose stores are used by the 
brain, about 25% by the muscles, and about 25% by the intestines and other organs (2). 
Normally, body insulin concentration is controlled by a feedback system that is influenced by 
both glucose and insulin levels in the body. Insulin is also minimally responsive to amino acids 
and fatty acids, but it is by far the most responsive to body glucose levels (1). After food 
consumption, glucose is absorbed by the body causing an increase in blood glucose levels. 
Secreted insulin suppresses liver glucose production by inhibiting glycogenolysis. The high 
insulin levels in the blood then stimulate peripheral tissues to uptake glucose (2). In pancreatic 
beta cells metabolism of glucose drives the production of ATP. This causes the potassium 
channel on the beta cell membrane to close, which depolarizes the membrane. This 
depolarization causes a membrane potential which opens the voltage dependent calcium channel. 
This calcium build-up inside the beta cells leads to insulin secretion (Figure 1) (2). 
 
 
 
 
Figure 1.Glucose Induced Insulin secretion from the pancreatic beta cells. Pietropaolo M, Roith 
Derek. (2001) Clinical cornerstone. Pathogenesis of Diabetes: Our Current Understanding. 4 (2): 1-6. 
 4 
Insulin plays several roles in regulating blood glucose levels. In the liver, existing 
glucose inhibits the formation of new glucose by halting glycogenolysis as well as by stimulating 
glucose uptake and glycogen storage. In the fat and muscle tissue, insulin triggers glucose 
transport proteins (GLUT4) to uptake glucose into the cell. Glucose is metabolized in the 
muscles and stores are utilized for oxidation or stored as glycogen (2). 
2.4 GENETIC SUSCEPTIBILITY 
It has been shown that multiple genes play a role in genetic susceptibility to type 1 diabetes (3, 
9). Family studies have shown a clear genetic basis for the disease. However, monozygotic twin 
studies show a concordance rate of less than 100%, indicating that both environmental and 
genetic factors play a role (3). The empiric risk for monozygotic twins is 33-50% (3, 4). First-
degree relatives show an empiric risk to develop type 1 diabetes of 5-7% (10-14), whereas 
individuals without a relative with type 1 diabetes have less than a 1% risk of developing the 
disorder (Table 1) (15).  
The utilization of genome-wide scans has resulted in the identification of over twenty 
putative loci but, for now, only linkage to HLA loci appears to be unambiguous  (3, 16, 17). 
Many of these findings have been controversial and researchers have obtained conflicting results 
suggesting that many of these loci are actually not linked to type 1 diabetes (12).  
Two specific regions of the genome have been implicated by several researchers to play a 
role in the development of type 1 diabetes: the HLA region on chromosome 6p21, (IDDM1), and 
the insulin gene region on chromosome 11p15, (IDDM2) (15, 16, 17). Some researchers have 
suggested that these regions combined contribute up to 42% of genetic risk for developing type 1 
diabetes (9). Others have suggested that the HLA region alone confers about 50% of disease 
susceptibility and the insulin gene alone contributes to about 10% of genetic susceptibility (17). 
Variants in the HLA gene, specifically in the DQ and DR regions, have been linked to type 1 
diabetes (3, 9, 19). 
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Table 1.  Empiric risks of type 1 diabetes. These estimates are for North American Caucasian* and 
Scandinavian populations** , ‡ 1-15% range depending on the populations (10-15). 
 
  
Empiric Risk 
 
 
First degree relatives of T1DM probands* 
 
 
5-7%‡ 
 
Individuals without relatives with T1DM*  
 
 
<1% 
 
Children of affected father**  
 
~6% 
 
 
Children of affected mother** 
 
 
~2% 
  
 
 
Studies conducted in the United States and Scandinavia have shown that the offspring of 
parents with type 1 diabetes have a higher risk of developing type 1 diabetes if their father is 
affected (6%) compared to if their mother is affected (2%) (20) (Table 1). Another group found 
that the recurrence risk for a child to develop type 1 diabetes if they have an affected father is 
1/40, but if the mother is the affected parent their risk is 1/66 (21). Several explanations have 
been proposed to account for these gender differences, including genomic imprinting affecting 
susceptibility to T1DM manifesting as an increase in spontaneous abortions in type 1 diabetic 
mothers whose fetuses are genetically predisposed to develop T1DM (22,23). A second 
explanation includes specific maternal environmental factors that determine the fetus’ level of 
tolerance to islet autoantigens (22), and third a preferential paternal transmission of HLA 
diabetogenic alleles (24). 
 
Two single gene syndromes are known to cause autoimmune-mediated diabetes. These 
syndromes are termed autoimmune polyglandular syndrome type I (APS-I),  also known as 
autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy (APECED) (25,26), and X-
linked polyendocrinopathy, immune dysfunction and diarrhea (XPID) (27).  These two 
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syndromes are considered unique models and are important to understand the mechanisms 
involved in the loss of tolerance to self-antigens in autoimmune diabetes, as well as the 
associated organ-specific autoimmune disorders. In individuals with APECED, a single gene 
mutation can cause an array of autoimmune polyendocrine disorders, including insulin-requiring 
diabetes. APECED is unique among autoimmune disorders in that it is caused by mutations in a 
single gene pair. This autosomal recessive disease is due to homozygosity, or complex 
heterozygosity for a defect in the AIRE (autoimmune regulator) gene, which is localized on 
chromosome 21q22.3. Over 31 different mutations within the AIRE locus have been described, 
the most frequent a 13-bp deletion in exon 8 (1085-1097 deletion). This specific mutation 
appears to have originated in the Norwegian population. (28). No specific genotype-phenotype 
correlations have been identified at the AIRE locus (28). 
 
Currently it is believed that the AIRE gene codes for a transcription factor (29). The 
nature of the immune abnormalities still remains unclear even though dysregulation of T-cell 
function as well as cytokine patterns have been implicated in the pathogenesis of this 
polyendocrine disorder. It is important to note that individuals affected with APECED develop 
antibodies towards self- molecules such as glutamic acid decarboxylase (GAD) and islet cell 
antibodies (ICA). Individuals with type 1 diabetes develop antibodies to these same self-
molecules.   
 
XPID is an X-linked recessive immunologic disorder characterized by early onset of type 
1A diabetes mellitus, autoimmune thyroiditis, autoimmune enteropathy, hemolytic anemia, 
atopic dermatitis including food allergies, and immunodeficiency leading to fatal infections. This 
syndrome is also referred to as X-linked autoimmunity-immunodeficiency syndrome (XLAAD). 
A number of mutations within the JM2 gene, which is localized in the peri-centromeric region of 
the X chromosome (Xp11.23-Xq13.3), have been documented in patients affected by XPID (27).   
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2.5 ROLE OF THE HLA COMPLEX 
The Major Histocompatibility Complex, (MHC), is located on chromosome 6p. Several of the 
principle genes in this region encode for human leukocyte antigens, (HLA). Two separate classes 
of HLA complexes exist. These two complexes are cellular surface glycoproteins, which differ in 
structure and function, as well as in tissue location (9).  
The class I HLA molecules is composed of a heterodimer composed of an α-chain, which 
is the heavy chain, and a β2-micoglobulin. The HLA I molecule is anchored into the cell 
membrane by the heavy chain. The chain contains an extracellular hydrophilic region, a 
transmembrane hydrophobic region, and an intracytoplasmic hydrophilic region. The 
extracellular region is composed of three alpha subunits which comprise the antigen-binding 
region of the HLA I complex (9). 
The class II HLA molecules are composed of an α and a β glycoprotein chain. In the class 
II HLA molecule, both of these chains are anchored in the membrane. Each HLA II chain is also 
composed of an extracellular, transmembrane and intracellular region. The extracellular domain 
in each class II HLA molecule contains its own alpha and beta subunits. The α1 and β1 subunits 
together make up the antigen-binding region (9). 
 The genes that make up the class I MHC molecules include HLA-A, HLA-B, and HLA-C. 
The class II MHC molecule is composed of the genes DR, DQ and DP. Two other genes 
clustering in this region that are important for processing antigens include the TAP and LMP 
genes. The third region of the MHC complex, MHC class III, codes for several genes that have a 
variety of functions.  
Class I MHC molecules are expressed in most nucleated cells; however, class II MHC 
molecules are only expressed in selected tissues, including B lymphocytes, dendritic cells, 
macrophages, and activated T lymphocytes. Both MHC class I and class II molecules play a role 
in antigen T-cell presentation (9). Class I antigens are primarily recognized by CD8+ cells, 
(cytotoxic T cells), whereas class II antigens are primarily recognized by CD4+, (helper T cells). 
Amino acid changes in the HLA-DQB-chain have been shown to influence the interaction 
between the class II molecule and the presentation of the antigen to the T-cell receptor. This 
interaction alters the specificity of the immune response to both foreign and self antigens. It 
appears that amino acid changes in the DQβ-chain as well as the DQα-chain are involved in an 
 8 
individual’s susceptibility to type 1 diabetes. Genetic susceptibility has been strongly associated 
with the HLA haplotypes-DQA1*0501, DQB1*0201 and DQA1*0301, DQB1*0302 (9). This 
finding has been supported by recently published data by Wen et al., which demonstrates the 
contribution of the HLA-DQ molecules to the development of autoimmune-related diabetes in a 
mouse model (29). Using this “humanized” animal model the authors demonstrated that by 
replacing HLA-DQ8  (believed to play a role in diabetes susceptibility) with HLA-DQ6 (believed 
to be a protective allele) diabetes was prevented (30). 
Studies in the non-obese diabetic (NOD) mouse have also demonstrated the importance 
of the class II DQ molecules. In these studies, amnio acid alterations in the I-Aβ chain, which is 
equivalent to the human class II DQB1 locus, can prevent mice from developing diabetes 
(31,32). It has also been show in the NOD mouse model that genetic alterations in the I-E gene, 
which is equivalent to human HLA-DR, appears to confer diabetes resistance (31,33). One group 
also demonstrated that by treating the NOD mouse with a monoclonal antibody that interacted 
with the animal’s class II molecule, progression to type 1 diabetes could be prevented (34). 
These studies support the role of HLA-DQ and HLA-DR in development of type 1 diabetes. 
The mechanisms by which the class II genes influence both diabetes susceptibility and 
protection are still unclear. The crystallized HLA class II molecule structure was characterized in 
1993 by Brown et al (35). One hypothesis for the altered susceptibility is that effective antigen 
binding is dependent on the specific conformation of the DQ antigen binding site. It has been 
postulated that an amnio acid change at certain positions of the DQ molecule will lead to a 
conformational change that affects antigen-binding, causing an alteration in the affinity of the 
class II molecule and the “diabetogenic” peptide(s). The three-dimensional structure of DQ8 
complexed with the insulin B chain has been determined by Lee et al. using X-ray 
crystallography. This binding represents an important T-cell epitope for the islet-infiltrating T-
cells in NOD mice (36). 
There is still debate as to whether the DR molecule plays an important role in an 
individual’s susceptibility to type 1 diabetes (37). DR alleles have been shown to be in linkage 
disequilibrium with DQ alleles, and some investigators have argued that the DR alleles are not 
the primary factor conferring disease susceptibility. However, others believe that the DR locus 
plays its own independent role in type 1 diabetes susceptibility (37).  
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In individuals with type 1 diabetes, the prevalence of HLA-DR2 is decreased. The 
DQA1*0102/DQB1*0502/DRB1*1601 appears to account for the majority of disease 
susceptibility in DR2-associated cases of type 1 diabetes (38). It is interesting to note that, in 
many populations the frequency of the DQB1*0602 allele is rarely found in individuals with type 
1 diabetes. This suggests that this allele plays a protective role against diabetes onset. Currently, 
this seemingly protective DQB1*0602 allele is considered a clinical trial exclusion criterion, 
preventing first degree relatives with this allele from participating in clinical trials such as the 
Diabetes Prevention Trial 1 (DPT-1) (39), and the Type 1 Diabetes TrialNet. Both of these 
clinical trials have been designed to delay and ultimately prevent the progression to type 1 
diabetes in individuals who are considered to be at high risk for disease development.  
There are several proposed mechanisms that might explain the autoimmunity associated 
with type 1 diabetes and of the role of the HLA complex in disease pathogenesis (9). The first 
hypothesis is that the self-antigen (autoantigen) is presented to the antigen-presenting cell (APC) 
through the same mechanism that a viral peptide is presented. The body then generates an 
immune response directed against the antigenic peptide. However, in individuals who develop 
type 1 diabetes, the antigen is actually a self-peptide which leads instead to an autoimmune 
response.  
The second hypothesis is that the alpha and beta chains of the T-cell receptors located on 
the outside of the HLA-peptide can interact with foreign molecules. These foreign molecules, 
specifically bacterial or viral particles, may induce an immune response against self-antigens by 
activating auto-reactive T-cell clones.  
The third hypothesis is that the cell loses the ability to transport antigenic peptides from 
the cytoplasm to the endoplasmic reticulum because of a defect in the gene product for the 
antigenic peptide transporter. This would cause a decreased amount of peptides to bind to class I 
receptors causing a surplus of empty class I molecules. These empty receptors may then bind to 
viral or bacterial or self peptides that they would not normally bind to in optimal conditions. 
These new peptides may then lead to an autoimmune response.  
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2.6 ROLE OF THE INSULIN GENE 
The insulin gene, found at 11p15, is another locus that has shown linkage to type 1 
diabetes. The insulin gene (INS) is linked to the VNTR (variable number of tandem repeats) 
region. The VNTR alleles are divided into two groups; class I is the shorter class and has 26-63 
repeats, whereas class III has 140-200 repeats. It is believed that allelic variation in this locus 
alters the levels of insulin mRNA in the pancreas (40). Class III VNTRs are protective against 
diabetes, while class I VNTRs confer a 2-5 fold increase in risk. (40, 41).  Inheriting one class III 
VNTR allele decreases the risk of developing type 1 diabetes by 60%. The protective class III 
VNTR- linked INS genes have lower expression levels of insulin mRNA in the pancreas than the 
Class I VNTR-linked insulin genes (41). However, protective class III VNTRs are associated 
with higher levels of INS mRNA expression in the  thymus. This high thymic expression may 
promote negative selection of the T-lymphocytes. (40). This theory is based on the observation 
that the body’s self-recognition occurs in the thymic medulla. It is here that antigen presenting 
cells (APC) present self-peptides to the T-cells to allow the body to recognize theses molecules 
as ‘self’. This leads to apoptosis of the T-cells specific to this self-antigen and/or to the loss of 
the specific receptor for this self antigen on the T- cell. It is this ‘self’ versus ‘non self’ 
distinction that allows our body to recognize its own peptides so that it does not attack them at 
later times (the autoimmune response) or that leads to an immune response directed against 
foreign molecules. The APC presents peptides to both the Class I and class II MHC molecules 
(42).  In this negative selection model, the higher levels of class III VNTR insulin presentation in 
the thymus, where T-cell self recognition occurs and promotes greater recognition of self-
peptides. This recognition leads to the destruction of self-reactive T-cells. If the T-cells which 
degrade insulin are destroyed, the autoimmune response is halted, thereby decreasing disease 
incidence. The class I VNTR has decreased insulin expression in the human thymus. This does 
not allow self-recognition to occur or the destruction of the T-cells specific to this self-antigen. 
Therefore, the body may still have autoreactive T-cells for the insulin protein (Figure 2) (2). 
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Figure 2. General hypothesis for the development of self-tolerance to peripheral proteins during 
thymic selection of T-cells. Pietropaolo M, Roith Derek. (2001) Clinical cornerstone. Pathogenesis of Diabetes: 
Our Current Understanding. 4 (2): 1-6. (2) 
2.7 IMMUNE SYSTEM 
 
Diabetic autoimmunity is primarily mediated by T-lymphocytes. Pre-diabetes, sometimes called 
insulitis, occurs when a mixed population of leukocytes (white blood cells) invade the islets of 
Langerhans. This stage can last for years in humans (5). The primary types of leukocyte invading 
the islets are the T-cells. Studies in the non-obese diabetic (NOD) mouse have shown that 
diabetic mice do not develop diabetes if they are athymic (lacking a thymus) or lymphopenic 
(having few T-lymphocyte cells). It is known that the thymus consists mainly of lymphatic tissue 
and is the major site for T- cell differentiation. Studies have also demonstrated that type 1 
diabetes can be transferred by injecting T- cells from diseased NOD donors into healthy NOD 
recipients. Both CD4+ cells and CD8+ cells have been shown to play a role in the pathology of 
diabetes. In support of the role of islet cell autoimmunity in type 1 diabetes, it has been 
thoroughly documented that individuals with type 1 diabetes have a mononuclear cell infiltration 
in the pancreatic islets, with predominantly CD4+ and CD8+ cells, which are likely involved in 
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selective pancreatic β-cell destruction. These cells respond to several antigens that are 
synthesized in the beta cells. As previously mentioned, the antigens for the CD4+ T cells are 
presented by the MHC class II molecules located on specialized antigen presenting cells. The 
peptide targets for the CD8+ T cells are displayed by the MHC class I molecules present on most 
cell types (5).  
Self-tolerance refers to a set of events that very specifically eliminates or anerizes a 
potenti
 thymus harbors cells called 
periphe
ally autoreactive T-cell, which ultimately induces a “tolerance” to self molecules. Self-
tolerance is established and maintained through complex mechanisms that occur in both the 
thymus, which is responsible for central tolerance, and the peripheral lymphoid organs, which 
are responsible for peripheral tolerance. It is believed that proteins with tissue-restricted or 
peripheral expression are not available for thymus presentation. Therefore, self-tolerance for 
these proteins must be achieved through mechanisms of peripheral tolerance. One hypothesis for 
the lack of self-tolerance that occurs in type 1 diabetes involves either a failure of negative 
selection of autoreactive T-cells occurring in either the thymus or in the periphery, or a 
breakdown in tolerance to B-cell-specific antigens (Figure 2). This theory has been supported by 
studies that have demonstrated prevention of diabetes in the NOD mouse and BB (diabetic) rat 
models following thymic transplantation of islet antigens or expression of putative islet cell 
autoantigens (39,43). Recent literature suggests that molecules appearing to have tissue-restricted 
expression may also be expressed in the thymus (39). It is known that genes encoding several 
type I diabetes related autoantigens, including insulin, IA-2, GAD, and the neuroendocrine 
antigen ICA69, are transcribed in the human thymus during the fetal period as well as in early 
childhood. Thymic human insulin gene transcription has been reported by several research 
groups, and similarly insulin, glucagon, GAD and ICA69 transcripts have been detected in both 
the rat and mouse thymus (39,45,48). Transcripts of several self-molecules have also been 
detected in the thymus including pancreatic and thyroid hormones, neuroendocrine molecules, 
and peripheral self-proteins. This raises the possibility that expression of self-antigens in the 
thymus may be imperative for the development of self-tolerance.  
Further research in mouse models has shown that the
ral-antigen-expressing or PAE cells. These PAE cells express peripheral antigens such as 
insulin. Transgenic mice studies have provided evidence to suggest that these PAE cells have an 
important role in self tolerance (48). Similar cells have recently been described in humans in 
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both the thymus and peripheral lymphoid tissues. These cells were found to express islet cell 
antigens such as insulin/proinsulin, GAD and IA-2. Further phenotypic characterization of PAE 
cells in both the mouse thymus and the human lymphoid tissues indicates that they express 
phenotypic markers of antigen presenting cells. Given their phenotype and their role in self-
antigen expression, they have been referred to as self-antigen presenting cells (45). 
T-cells express functional T-cell receptors (TCR) on their cell surface. Once this receptor 
has bee
an imbalance between tolerance induction and 
immun
 an 
importa
n expressed, it is subject to either positive or negative selection (46,47). These selection 
events are dependent on the interactions between the TCR, the MHC molecule, and the antigenic 
self-peptide. Positive selection occurs when the thymic stromal cells, bearing the MHC 
molecules and containing a self-peptide fragment, direct the T-cell receptors on the developing 
thymocytes to continue maturation into functionally mature T-cells. T-cells with receptors that 
are unable to bind to the MHC molecule with sufficient affinity are not driven to mature and 
expand, and eventually these cells die. Negative selection is a process that is not currently well 
understood. This refers to the T-cell elimination or anergy which induces self-tolerance. During 
negative selection it is believed that factors such antigen load, and affinity for self-antigens 
influence the result and determine whether the T-cell will undergo cell death or clonal anergy. 
Due to the unique immune system qualities, including the random generation of TCRs in the 
initial thymocyte as well as the process of thymic selection, the peripheral T-cell collection is 
unique in each individual, even in identical twins. 
Autoimmunity is believed to be caused by 
e responsiveness. Both of these processes are dependent on the class I and class II MHC 
molecules and their ability to present critical antigenic peptides. It is believed that in genetically 
susceptible individuals, certain class II molecules may insufficiently present self-peptides, 
leading to inadequate negative T-cell selection. This inadequate negative selection could fail to 
eliminate a T-cell population that could later become activated again self-molecules thereby 
creating an autoimmune response. Researchers Nepom and Kwock have described the 
association of the HLA-DQ alleles and type 1 diabetes using this molecular mechanism (49). 
Further immunologic studies have suggested other mechanisms which appear to play
nt role in type 1 diabetes. Pancreatic dendritic immune cells (DCs) transfers have been 
shown to prevent diabetes in NOD mice (50-52). The role that DC play in type 1 diabetes is not 
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currently understood, but it is suggested that patients with type 1 diabetes may have fewer DCs, 
or the DCs they have may be functionally impaired.  
Further research has explored the association between type 1 diabetes and transplant 
tolerance. Data obtained in mouse models suggests that the diabetic phenotype and the resistance 
to transplantation tolerance may co-exist; however, these two features may not be under the same 
genetic control, and may in fact have different genetic causes (53). If these two mechanisms do 
have distinct genetic etiologies, then the strategies developed to treat autoimmune diabetes and 
those developed to prevent recurrent autoimmunity should be approached differently from those 
instilled to induce a transplant tolerance.  
It has also been suggested that alterations in the function and number of several 
regulatory cells may play a role in the generation of an autoimmune state in type 1 diabetes 
(54,55). Dysfunction and/or loss of CD1-restricted T-cell, T cells with γ/δ receptors, 
CD4+/CD25+ T cells and NKT cells have been proposed to contribute to diabetes pathogenesis 
via insufficient suppression of autoreactive T-cells. One example of this is represented by 
discordant twin studies. These studies show that the levels of CD-1 restricted T-cells appear to be 
diminished in the affected twin relative to the non-affected twin (55). The antigens responsible 
for antigen T-cell activation are currently unknown, as are the mechanisms by which these cells 
exert their effect on the immune system. 
2.8 AUTOANTIBODIES 
The T-cell build up in the beta cells of pre-clinical diabetics ultimately leads to an accumulation 
of antibodies to a variety of islet cell proteins. However, the role that theses autoantibodies play 
in beta cell destruction is not currently well understood.  Autoantibodies have been shown to 
develop against insulin, glutamic acid decarboxylase (GAD), protein tyrosine phosphatase-2 (IA-
1), and to islet cell antigens (ICA) (3). In the general population antibodies to these proteins are 
fairly low, existing in only about 2-4% of people (3). However, antibodies to these proteins are 
commonly found in newly diagnosed diabetic patients as well as in their relatives who later go 
on to develop clinical diabetes. Studies by Verge et al. (56), have indicated that in relatives of 
diabetics who later go on to develop the disease, 98% have one or more antibodies to insulin, 
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GAD and/or the specific islet cell autoantigen ICA512bdcAAs. About 80% have antibodies to 
two or more of these proteins. It has also been found that these antibodies serve as good 
predictors among relatives of diabetic patients (56). Currently the most widely utilized screening 
strategy used to identify individuals who are at risk to develop type 1 diabetes (generally deemed 
so due to an affected first degree relative), is to screen for autoantibodies to the islet antigens, 
GAD65 and IA-2. If one of these screening tests yields a positive result, the results are confirmed 
using an additional serum sample. Once this conformation has been established, both insulin 
autoantibodies and ICA autoantibodies are measured and the first phase (1+3) insulin response to 
bolus intravenous glucose (AIRg) is determined. By combining both of these immunologic and 
metabolism studies, it is believed type 1 diabetes progression can be predicted with 50% 
accuracy within 5 years of follow-up, and 80-90% accuracy within 10 years of follow-up. (57, 
58) Genetic typing to assess the HLA alleles for a susceptibility or protective affect is also 
performed. Although HLA typing alone is not adequate to predict diabetes onset, it is believed 
that the evaluation of the HLA genes in first degree relatives of type 1 diabetic patients does 
prove to be useful. (57).    
2.9 CANDIDATE GENE APPROACH 
The HLA region on chromosome 6p21, (the IDDM1 region), and the insulin gene on 
chromosome 11p15, (the IDDM2 region), account for approximately 42% and 10% of an 
individuals risk to type 1 develop diabetes, respectively. Due to the fact that these two genetic 
components do not contribute 100% to genetic susceptibility, it is important to try to discover the 
additional factors, specifically other genes, which play a role in disease susceptibility. In addition 
to genome-wide scans and positional cloning, which proved to be less successful than expected, 
the candidate gene approach has been proposed to discover novel type 1 diabetes susceptibility 
loci. 
The candidate gene approach takes factors into account other than chromosome location, 
which is the only consideration in positional cloning. This approach, like positional cloning, 
looks at an area of the genome that is associated with disease, in our case type 1 diabetes. 
However, it also looks for a gene associated with the disease phenotype that lies in or near the 
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linked loci. (58, 59). This approach has been used to discover the genes for diseases such as 
Retinitis Pigmentosa, HNPCC and Waardenburg Syndrome (58, 59) and is currently being 
utilized to study other multifactorial conditions such hypertension, various types of cancer, and 
diabetes (85).  
Due to the fact that the candidate gene approach can take into account both location and 
function, we have adopted this approach for our current study. The candidate-gene ICA1, which 
is the focus of our study, was selected because of an a priori hypothesis suggesting the 
etiological role of the ICA1 protein product, ICA69, in diabetes pathogenesis in both human and 
NOD mouse animal models (16, 45, 60-66). Several studies by our group and others have 
suggested that the ICA1 gene may have an important biological role in the genetic regulation of 
ICA69 expression in the thymus (16, 67-72). It is also interesting to note that ICA69 expression 
has been reported in thymic dendritic cells (45). Recent data suggests that there is reduced 
ICA69 expression in the thymus of the NOD mouse compared to diabetes resistant mice 
(C57BL/6, B6, NOD.B10-H2b, ALR), and that this may be associated with an increased 
predisposition to type 1 diabetes (16). This implies that high levels of ICA69 expression in the 
thymus may be important for clonal deletion of ICA69 reactive lymphocytes (45). Allelic 
variations in the regulatory sequences for ICA1 could influence the expression of ICA69 in 
antigen presenting cells, such as DCs, during thymic development (45, 73-78). These variations 
may cause a defect in the transcriptional activity of ICA69 in the thymus (67). 
Based on this information, we hypothesize that higher levels of ICA69 protein in the 
thymus promote negative selection of ICA69-specific T lymphocytes. A defect in the 
transcriptional activity of ICA1 may cause failure to induce ICA69 tolerance during thymic 
development. It is possible that polymorphic regions within promoter elements of ICA1 may 
exert a regulatory effect by strengthening nucleosome formation, thereby altering the local 
chromatin structure and consequently decreasing the efficiency of transcription, a mechanism 
which has been previously described for the TIDM2 gene (39, 79-82). Therefore, a 
transcriptional defect of ICA1 in the thymus may play a critical role in the autoimmune 
destruction of the pancreatic islet cells by autoreactive T-lymphocytes ultimately leading to type 
1 diabetes.  
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2.10 ISLET CELL AUTOANTIGEN 69KDA (ICA69) 
The candidate gene we have selected for our study is Islet Cell Autoantigen 1, which codes for 
the protein Islet Cell Autoantigen 69kD (ICA69). This protein is one of the specific protein 
targets for autoimmune response that results in diabetes (85,86). About 25% of recent onset type 
1 diabetic patients have antibodies to this protein (89). First degree relatives of diabetic patients, 
who later develop disease, also have antibodies that react to ICA69 (87). This protein has been 
shown to play a role in the humoral and/or cellular immune response (87). Pietropaolo et al. first 
identified this protein by screening the human islet cDNA expression library λg11 with the sera 
from the pre-diabetic relatives of affected individuals. A number of these individuals were 
ICA69 antibody positive and subsequently progressed to overt type 1 diabetes. The ICA69 
antigen was specifically detected in beta cell lines (87).  
The ICA1 gene is found on chromosome 7p22. There has been research to show that type 
1 diabetes is linked to this area of the genome (89, 90). It was originally believed that this 
linkage was due to the glucokinase gene, which is located at 7p15.3-p15.1. Glucokinase is 
believed to be a glucose sensor. It also has the ability to generate metabolic signals in the 
pancreas. This enzyme is important for regulation of insulin secretion during glycolysis (91). The 
role of this enzyme in insulin secretion, as well as its location near an area of the genome with 
strong linkage to diabetes, made it a prime candidate gene for type 1 diabetes. It was originally 
believed that a variant in the promoter for the glucokinase gene was responsible for diabetic 
susceptibility. However, work by Lotfi et al. suggests that this variant is not associated with type 
1 diabetes (91). This research raises the question that it may not be the glucokinase gene that is 
causing linkage to the 7p loci in diabetes, but that another gene located on 7p, such as our 
candidate gene ICA1, may in fact be the link between this locus and type 1 diabetes (91).  
ICA1 is made up of 14 exons, which are 39-271 bp in length, and three 5’ untranslated 
regions. This gene is thought to highly conserved both in human, rat, and mouse homologues as 
well as in exon/intron partitioning (85, 86). Mouse and human intron-exon junctions are identical 
with introns ranging in size from 94 bp to 24 kb (86).  ICA69 mRNA has been detected primarily 
in endocrine cells comprising the islets (87). This protein has also been shown to participate in 
the neurosecretory process in its C. elegans homologue (92). This may suggest that ICA69 is 
involved in the insulin secretory pathway in the beta cells (85).  
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Further evidence to suggest that ICA69 plays a role in diabetes was found by Roep et al., 
who demonstrated T-cell reactivity to ICA69 (64). This autoimmune T-cell response against self 
ICA69 was found to be higher in recently diagnosed type 1 diabetics compared to those who had 
had been living with disease (88). T-cell reactivity to ICA69 has also been seen in the NOD 
mouse model (87). Work in the NOD mouse by Winer et al. shows that injection of T- cells 
specific for Tep69 (dominant NOD T-cell epitope in ICA69) may play a role in the acceleration 
of islet destruction in the NOD mouse (93). The research by Winer’s group suggests that 
injection of T-cells specific for this peptide causes an acceleration of the diabetic autoimmune 
response. Studies also show that neonatal injection of Tep69 into mice leads to a reduced 
incidence of type 1 diabetes, (94), suggesting that ICA69 may be important in disease 
prevention. 
Research has shown that the environmental trigger initiated by cow’s milk containing 
bovine serum albumin may also play a role in the autoimmune targeting of ICA69. BSA contains 
p69, which is a protein identical to ICA69 (7). Structural homologies exist between the ABBOS 
region of bovine serum albumin and the Tep69. (87, 95). BSA has been shown to trigger T-cell 
proliferation against these p69 molecules (7). These findings suggest the possible mechanism for 
cow’s milk to act as an environmental trigger for the onset of type 1 diabetes (7). This model is 
based on antigen molecular mimicry between the antigen for cow’s milk and ICA69 protein (86). 
As previously mentioned, studies comparing the non-obese diabetic mouse (NOD) to the 
B6 non-diabetic mouse show that ICA69 has significantly reduced expression in diabetic mouse 
thymic tissue compared to the thymic tissue of its non-diabetic counterpart. Real time PCR 
studies indicate that ICA69 may not be expressed at all in the thymus of the NOD mouse (41). 
This peptide expression in the thymus is an important part of the immune response in terms of T-
lymphocyte selection and maturation (Figure 2). In the NOD mouse, a direct link between 
impaired thymic negative selection and autoimmunity have been reported (95). The decreased 
expression of ICA69 in the thymus may lead to the decreased destruction of self-reactive T-cells 
which induce the autoimmune response responsible for beta call destruction (41).  
Unpublished data by Chang and Pietropaolo et al. suggests that reduced expression of 
ICA69 in the mouse thymus may be due to a single nucleotide polymorphism (SNP) in the 
promoter region of the Ica1 gene in mouse (equivalent to the ICA1 gene in humans). 
Pietropaolo’s group originally discovered, using luciferase assays, that the NOD Ica1 putative 
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promoter element had a 4-fold reduction in transcriptional activity when compared with the wild 
type B6 mouse putative promoter. Further studies showed that a single SNP within Ica1 gene 
was associated with a substantial reduction of transcriptional activity. By applying site-directed 
mutagenesis in NIT-1 cells (cell line derived from NOD mice), the Pietropaolo group 
demonstrated that the mutation of the NOD SNP to its wild type base significantly reestablished 
transcriptional activity in the transfected cells. It was also shown that by performing site directed 
mutagenesis in the wild type cells and inserting the NOD SNP into the promoter region, 
transcriptional activity was significantly reduced. EMSA assays were also performed 
demonstrating that the oligonucleotide containing the NOD SNP of interest had markedly 
decreased nuclear protein binding, which further supports their results. By applying the 
computational analysis program designed by Corcoran et al. it was discovered that this SNP was 
located at an Egr-1 binding site (96).  
Past research suggests that ICA1 is an important candidate gene in type 1 diabetes. This 
evidence also suggests that SNPs within this gene may play an important role in progression to 
type 1 diabetes. At the initiation of our study, all validated SNPs within the ICA1 gene were 
intronic, and no exonic SNPs had been identified. Also at the beginning of our study, no human 
promoter SNPs had been identified. Because current data suggests that SNPs within the mouse 
promoter region cause a functional difference in gene transcription, we elected to analyze the 
non-coding, (intronic), regions of the human ICA1 gene.  
2.11 THE PYROSEQUENCING METHOD 
The information obtained from the Human Genome Project provided researchers with the 
opportunity to study the risk factors for human diseases at the genotype level. As a result, DNA 
sequencing is one of the most important features of science today. Following the publication of 
the Human Genome Project, there was an immediate need for a new robust sequencing technique 
that was able to produce a high data output to compliment the older Sanger method (97). Many 
researchers pursued this goal and attempted to develop a new and more efficient technique (98, 
99). The need to sequence single nucleotide polymorphisms as well as express sequence tags 
caused an even greater need for a new genotyping method that was both simple and accurate. 
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The idea of sequencing-by-synthesis was first proposed by Hyman in 1988 (99). Hyman’s 
sequencing technique allowed for the detection of nucleotide incorporation using a primer-
directed polymerase extension. Other researchers have developed protocols based on the use of 
fluorescently labeled nucleotides (60, 99-105). However Metzker et al. showed that by using this 
method, there was poor incorporation of these fluorescently labeled nucleotides, which increased 
the need for a more robust sequencing technique.  
More recently, Ronaghi et al. proposed yet another technique known as pyrosequencing 
(106). This technique utilizes natural nucleotides, rather than their fluorescent counterparts. The 
basis of this method is the utilization of the pyrophosphate that is released during the DNA 
polymerase reaction. This pyrophosphate is converted into ATP, which can be transmitted into 
visible light. This technique also had limitations. The template DNA strand had to be washed 
thoroughly between nucleotide additions, which was very time consuming. In addition, the 
templates that were not bound to a solid support were more difficult to sequence (99). In 1998, 
Ronaghi et al. proposed a solution to the wash problem, the incorporation of a fourth enzyme 
into the pyrosequencing process. This enzyme, known as Apyrase, degrades the nucleotides 
during the pyrosequencing process after the addition of each nucleotide. Ronaghi’s updated 
pyrosequencing technique was used in our current research (103).  
The pyrosequencing technique has proven to be successful for a variety of sequencing 
projects. It has been shown to be useful in both confirmatory sequencing as well as de novo 
sequencing. It has also been used for the re-sequencing of diseased genes and for the sequence 
determination of difficult secondary DNA structure (103). This technique is performed in a 96 
well plate format using laboratory automation (107). Theoretically more than 5000 samples can 
be analyzed in 8 hours (103). In addition, the technology is quite sensitive and requires minimal 
PCR product for each individual sequencing reaction (107). The technology is rapid: When 
sequencing a small area of approximately 10 nucleotides total per sample, the sequencing of an 
entire 96 well plate can take only 10-20 min. This technique also allows for the detection of 
haplotypes by analyzing SNPs that are in close proximity to each other (108).  
Pyrosequencing provides high quality sequencing for short stretches of DNA, and it can 
resolve heterozygous nucleotides by out-of phase sequencing (107), making the sequencing 
method very effective for SNP genotyping.  The technique allows for the sequencing of all 
possible SNP variations in a single well or tube. The pyrogram readouts, (the graph data 
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produced by this method, see materials and methods for further detail), provide a clear 
distinction between the various genotypes and allele combinations and can differentiate between 
homozygous and heterozygous individuals. The automated system for liquid-phase 
pyrosequencing, called the PSQ 96 system, can score the raw SNP data. This allows the 
computer to determine whether the run SNP run was successful. The computer process removes 
the need for human sequence editing (107).  
One study which analyzed 26 SNPs from 1600 DNA samples found that this technique 
assigned the expected genotype in 99.4% of the cases. The fact that this output was not 100% 
was attributed to insufficient signal or noise caused by low efficiency in the prior PCR 
amplification step (104).  
2.12 SPECIFIC AIMS 
 
Specific Aim 1: To determine the frequencies and genotypes of several single nucleotide 
polymorphisms within intronic regions in the ICA1 gene. 
 
Specific Aim 2: To determine the association between SNPs in the ICA1 gene and type 1 
diabetes. 
 
Hypothesis: Single Nucleotide Polymorphisms within the ICA1 gene differ between cases and 
controls and play a role in the onset of type 1 diabetes. 
 
Plan: We will genotype diabetic case and control subjects by first using polymerase chain 
reaction to amplify the area of interest around each SNP and then by using the pyrosequencing 
technique to obtain genotype data for each sample. We will then use appropriate statistical 
analysis to determine if there is a statistical difference between case and control subjects. 
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3.0  MATERIALS AND METHODS 
3.1 STUDY POPULATION 
The population in this study includes N=79 control samples and N= 73 diabetic samples (termed 
“original diabetic samples”). All samples were collected in the Allegheny County region of 
Pennsylvania. The 73 cases were randomly selected from a roster of patients of the Children’s 
Hospital of Pittsburgh whose T1DM was diagnosed according to standard National Diabetes 
Data Group Criteria by careful assessment of Dr. Dorothy Becker and her team (109).  Ninety 
five percent were Caucasian and their age ranged between 5 and 40 years. Some of these newly 
diagnosed T1DM patients were HLA-DQ typed in Dr. Trucco’s laboratory.   
A second set of N= 33 diabetic samples (termed “additional diabetic samples”) were 
obtained from the Children’s Hospital of Pittsburgh study. This study includes approximately 
1000 type 1 diabetic patients; it also included serum samples from 7,000 first degree relatives of 
type 1 diabetic probands, of whom 130 had progressed to insulin dependent diabetes. The 33 
samples we obtained from this study included a random sample of individuals who were recently 
diagnosed with type 1 diabetes. 
  
 The 79 controls consist of randomly selected healthy Caucasian individuals from 
Allegheny County, Pennsylvania (age range 5-40 years) who were blood donors at the Pittsburgh 
Blood Bank.  
 23 
3.2 SNP IDENTIFICATION 
A total of intronic 44 SNPs had been identified in the ICA1 gene at the start of our experiment. 
To ensure that the SNPs we analyzed were ‘true’ sequence variants, (variants that actually 
contain two different nucleotide possibilities at each SNP location), SNPs that had been 
previously validated were favored, or if not previously validated, SNPs were favored if they were 
present in multiple data bases. A total of 24 ‘true’ intronic SNPs were identified using these 
criteria. Later, two additional ‘true’ SNPs were added for a total of 26 SNPS. The ICA1 SNPs 
considered in this study are listed in Table 2. The ICA1 SNPs which have been identified but 
were excluded from our current study because they were present only in a single data base and  
were not previously validated are listed in Table 3. SNP locations were identified using a blast 
search for sequence homology using the NCBI blastn command 
(http://www.ncbi.nlm.nih.gov/BLAST/).  ICA1 locations were identified in the Homo sapiens 
BAC RP11-560C1 clone which includes the complete sequence from 7p22-p21 (Table 4).  
 
Table 2. ICA1 SNPs considered to be ‘true’ which were previously validated or found in multiple 
databases. 
 
rs6463765  rs2110332 rs874721 rs3807824 rs1008038 
rs3807852  rs3757524 rs3823833 rs3757515 rs759262 
rs3807849  rs2348895 rs3807830 rs1981715 rs10276256
rs3823838  rs3757522 rs3823832 rs3807818 rs9472 
rs887848 rs2058519 rs3757510 rs3807816   
rs2058278  rs10264092       
 
 
Table 3. ICA1 SNPs which were not used in this study because they were not previously validated 
and were identified in only a single database. 
 
rs1860532  rs4720763 rs2058522 rs2192346 rs887850 
rs2110333 rs3807839 rs3757523 rs6463777 rs6463778
rs3807827  rs10952094 rs1861035 rs4236407  rs3779363  
rs3779360  rs3807809  rs3779357 rs3757509  rs1035096  
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Table 4. SNP locations within the ICA1 gene. 
 
SNP Region
SNP  location in the ICA1  gene (located 
within the designted base pairs)
1 rs3807852 Intronic 175117-175167  
2 rs3823838  Intronic 6651-6683  
3 rs3757524 Intronic 30204-30251  
4 rs3757522  Intronic 40704-40749  
5 rs874721 Intronic 58827-58863  
6 rs3823833  Intronic 63176-63226  
7 rs3807830 Intronic 70244-70288  
8 rs3823832  Intronic 74304-74339  
9 rs3807824  Intronic 80924-80953  
10 rs3757515  Intronic 86642-86692  
11 rs3807816  Intronic 115545-115595  
12 rs1008038  Intronic 126684-126733  
13 rs2058278 Intronic 152563-152505  
14 6463765 Intronic 162883-162850  
15 rs887848   Intronic 20473-20435  
16 rs2110332  Intronic 25593-25548  
17 rs2348895  Intronic 40026-39988  
18 rs2058519  Intronic 55209-55161  
19 rs1981715  Intronic 90295-90250  
20 rs3807818  Intronic 99723-99675  
21 rs759262   Intronic 1841-1793  
22 rs3807849  Intronic 176504-176458  
23 rs10264092 Intronic 59429-59379  
24 rs10276256 Intronic 2801- 2751
25 rs3757510 Intronic 143990-144040  
26 rs9472 Intronic 142915-142865   
 
3.3 PRIMER DESIGN AND TESTING 
Polymerase chain reaction (PCR) is a commonly used method for amplification of short stretches 
of DNA. This method was used in this study to amplify the DNA around and including the SNP 
of interest prior to pyrosequencing. 
PCR primers were designed using the Integrated DNA technologies Primer quest website 
(IDT), found at the following URL: http://biotools.idtdna.com/Primerquest/. This website was 
used to design both the forward and reverse PCR primers. In order to create amplified samples 
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suitable for pyrosequencing, the final PCR amplified product was restricted in size and was 
designed to be less than 500 base pairs. Once the ordered primers were received from IDT, they 
were diluted in H2O to a final concentration of 20pmol/ul. Of the 26 total SNPs identified, 
working PCR primers were designed for 24 SNPs.  
In order to determine the best temperature for PCR primer annealing, gradient PCR was 
applied at temperatures ranging from 53 °C to 64 °C for each individual primer set. A total 
volume of 25ul was used for each PCR reaction. This included: 12.5ul of 2x Buffer I- obtained 
from TaKaRa LA Taq TM  (which contains 2x 5mM Magnesium concentration), 2 ul of DNTPs 
also obtained from LA Taq TM, 0.5ul of forward primer 20pmol/ul, 0.5ul of reverse primer 
20pmol/ul, 0.25ul of Taq polymerase, and 10ul of control human DNA concentration 50ng/ul. 
The PCR conditions were as follows: Pre-PCR conditions 50°C- 10 minutes, 96°C- 10 minutes, 
32 PCR cycles: 96°C- 30 seconds (denaturation), gradient specific temperature- 30 seconds 
(annealing), 72°C- 45 seconds (extension), and two final cycles- 96º C for 10 min and 4º C for 
infinity 
After PCR was completed, 13ul of each DNA sample was loaded into the individual 
wells of a 1.5% agarose gel. Gel electrophoresis was performed to assess the size and purity of 
the PCR product. It was also used to determine the best annealing temperature for each primer 
set. For each primer set the PCR product was than isolated from the agarose gel and was subject 
to HPLC sequencing. This step was utilized in order to assure the resulting product after PCR 
was indeed the expected product.  
After PCR primers were designed using the IDT software, pyrosequencing primers were 
designed using the SOP3 web based program designed by Massimo Trucco’s group (107). The 
original version of the program, which was used in our current study, can be accessed via the 
URL: http://biodev.hgen.pitt.edu/sop3/. The program has since been updated and can now be 
accessed at the URL: http://imgen.ccbb.pitt.edu/sop3/. These primers were designed to allow 
sequencing of 10-20bp of DNA total around and including the SNP of interest. This program 
places a sequencing primer in the best area around the SNP region. The sequencing primer is 
placed at a minimum distance of 1 nucleotide proximally to the SNP, and at a maximum distance 
of 30 nucleotides from the SNP. This primer design software is designed to prevent the creation 
of a pyrosequencing primer that will form a primer dimer or hairpin loops in order to avoid the 
formation of a secondary structure that could interfere with primer annealing. This program 
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designs pyrosequencing primers located on both the 5’ and 3’ side of the SNP, and the one 
closest to the SNP of interest is selected by the program.  
A single-stranded DNA template is necessary for pyrosequencing. This is essential 
because the pyrosequencing technology works by pairing each nucleotide to its complementary 
nucleotide on the DNA template strand. The method used to isolate the single-stranded DNA 
from double stranded DNA form was the use of a streptavidin bead. One of the two PCR primers 
was ordered with a biotin phosphoramidate attached as the 5’ residue. Each streptavidin bead can 
then be used to isolate a single strand of DNA (details discussed in a section 3.6) to be used for 
the sequencing process. The PCR primer that was selected to be biotinylated was the PCR primer 
on the opposite side of the SNP from designed sequencing primer. For example if a sequencing 
primer was placed a few bases upstream of the SNP, the reverse PCR primer was biotinylated, 
and the forward primer was not; example (Figure 3). 
 
ATGAGTCCTTAGAAACTACAGCCATGTCTCCTCTGGGTAAATATGAAAGGTTTCAG
CCCACTCGGAGAGTAAGGACTTTCCAAATGTTCCTAATCTGACTGCGGAAAAAAAA
AAAACTGGAAGAAACTGAGAATTCAATTTACTTTCTTAGCCTTAAGGCTGTGTATAA
GCTACCCTGTTATTATCATTATTAATAATAAACACAGTGAATGTCAGACAGGCACTT
CATGGTAGATTTTTATATGAATTTTGTGCAAAAGTAAAGGGTTGCCAGGCTACTGCA
TAATATTACTCAGTTCTGGTCCAGGAGTACAAAATTCCACCAGGCCTCCTGAGCCCG
TCCCTCCAATTAGTGGCTTACTTCATTACGAATAAAGAACCCTCATTACTGTGGGCCT
TCAAGTGAAATAGGATCCCCTACCTCTTGAAATCCGCCTTTCTAAGTACAGACAGTT
CCCAACTTACAAACAATCCACTTAAGAACCACCAAGGCATTCAGAGGCTGCTGTAGG
CTCCTGCAGCTGCTGCCTGGGCCCCCTGCCCAGCCCCCCTGCCCAGCCCCCTCCCCA
CACTCCTGGTCTGCTCAAGGGAGCGCTGCCTACCCCCCTTGCAGAGCCAGCTGCCCA
CCTGCCCCTCGGACTGCAGGCTCGGAGCTGGGGGTTCAGTGAGGCCTCAGA 
 
Figure 3.  Primer Design for SNP rs3807830: Forward and reverse primers in bold, biotinylated 
primer in bold italics, sequencing primer highlighted in grey, SNP nucleotide underlined and bold. 
3.4 SNP LOCATIONS 
Sequencing primers were developed for a total of three SNPs. The location of these three SNPs 
is shown in Figure 3. All three SNPs are located within a central large intron in the ICA1 gene. 
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Figure 4.  Location of the three SNPs analyzed in the study. This picture shows the three isoforms of 
the ICA1 gene; it is adapted from the HapMap2 database. 
3.5 PCR AMPLIFICATION FOR SEQUENCING PRODUCTS 
The final PCR annealing temperature that seemed to universally work best for all SNPs was 62 
degrees C. Sequencing primers were created for the three SNPs illustrated in Figure 4. Further 
sequencing primer design for the additional 23 SNPs is currently in progress.  
In order to prevent contamination between PCR runs, which could influence sequencing 
data, a Uracil N- Glycosylase enzyme was used. This enzyme was obtained from GeneAmp. It is 
known that uracil can be used as a replacement of thymine in the genetic code, as seen in the 
RNA product of a DNA template. This enzyme works by degrading template DNA containing 
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uracil bases, but it does not degrade DNA containing thymine bases. This enzyme exhibits 
optimal activity at 52 º C and is irreversibly deactivated at 96º C. In this experiment PCR 
amplification of the template strand was achieved using dUTPs (also obtained from GeneAmp) 
with uracil nucleotides, rather than dNTPs with thymine nucleotides. Therefore all PCR products 
made from the template strand will contain uracil rather than thymine. Using this principle the 
original DNA template strand was combined with the enzyme at 52º C prior to the PCR 
amplification. This original template DNA strand, containing only thymine, was therefore not 
degraded by the enzyme. However, any possible PCR product contamination from previous PCR 
amplifications contained uracil bases only, and was therefore degraded prior to the amplification 
of the true template strand. Next, the PCR mixture was subject to a 96º C cycle prior to 
amplification to deactivate the glycosylase enzyme.  
Based on this information, the ideal PCR amplification for these SNPs were applied. This 
consisted of two pre-PCR cycles-52º C for 10 min, 96º C for 10 min, 32 cycles of PCR- 96º C for 
30 seconds (denaturation), 62º C for 30 seconds (annealing), 72º C for 45 seconds (extension), 
and two final cycles- 96º C for 10 min and 96º C for infinity. This last 96º C is applied to assure 
that if there is any remaining glycosylase enzyme it is denatured during this step, so as not to 
degrade our new PCR product. The sample were immediately removed after PCR amplification 
and frozen at -30º C. The PCR mixture consisted of a 25ul reaction containing 12.5ul TaKaRa 
Buffer I, 2ul GeneAmp DUTPs, 0.5ul of forward primer 20pmol/ul, 0.5ul of reverse primer 
20pmol/ul, 10ul H2O, 0.25ul of Taq polymerase (Taq was purified by Dr. Steve Ringquist), and 
0.25ul Uracil-N- Glycosylase enzyme. PCR reactions were performed in a 96 well plate format. 
This same 96 well plate format could also be used for pyrosequencing. See Table 5 for the 
designed PCR specific primer sequences.  
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Table 5.  PCR and Sequencing Primers for each SNP. 
SNP Forward Primer  (5' to 3') Reverse Primer (5' to 3') Sequencing Primer(5' to 3')
rs3807830 ATGAAAGGTTTCAGCCCACTCGGA CCTCTGAATGCCTTGGTGGTTCTT-Biotin GTTCTGCTGCA
rs2348895 GAGGTTGCAGTGAGCCAAGATTG GCGCCAGGTTGCTAGGCAATATAA-Biotin GAAGTTAAAATTACA
rs2058519 AACACAAACACGTCCACTCTTGGC CCAAGGCCCTGTTTAACCA- Biotin TTAAACCAAGGC
 rs3807852 GCCTAACCATATCACAAGCCAAATACC AGTGGTGCTCTAAGGAAAGCAGGT N/A
rs3823838 CACAAGAGTTGGTGGGCAAGACAA TTGGCAGCCTTACTCATTTGCAGC N/A
rs3757524 ACCATGTCCATGCCACAGCACTAT ACTCTCTTGCTCTCACCGTACACT N/A
rs3757522 GTTTGAAAGGAACTGGGTGGCTACTGA ACTGATGAGGATTGCGAGGCTTCA N/A
 rs874721   TCAGGTAATTTCCAGCAGGAAGGAGCA CATCTTGTGCTTTGGGTCTGTAGC N/A
 rs3823833  CCATAGGAGACCAAGAGCTGGAAA TATCCCTGAAGTTGCTGCCTCCAT N/A
rs3823832 CGTTGTTCCAGGCATGAAATATCATCAAA CTGTGGTGGCTGCAAAC N/A
rs3807824  GATGGATCCAGGATTACCAGCTCA ATGAAGGGCACGGACATAAGAGCA N/A
 rs3757515  AGGTTGAGGTTTCACCATACGCCT TTGGTGGATTTCCCTCAGGCACTA N/A
rs3807816 TGATTCTACAACCACACACGACTC CAAAGATCTGCTTGCTTGGTGGGT N/A
rs1008038 TAATGCCTGGCTTTGGACCATGAG AGAAGCAGAGGCCCAAGGATGAAT N/A
rs6463765 TGAGGCCAAGGGCTCCATAAATCT TATATCTGGCCCTGAACTGTGGCA N/A
rs887848 ACTGCACAAGGAACGAGAGA AGGAGGACCTGGAGAAAGTCAGAGAA N/A
rs2110332  TTTCCCATCTTGCTCCCTACCATC GGCATGCTTAGTGAAGCTTTGCAG N/A
rs1981715  TTTCTGGTGGGAGAAACAGAGCCT TTCTGTGGCCCTTCCTTGGACAAT N/A
rs3807818  TGCTTCTTCCATCTCCCTACCCAA TAGGTAGGACAGTGTGAGCAGGTT N/A
rs759262   AGGTGTGGTGGCAAGTGCCTATAA CCCACCTCCAATGTCAGCCAAA N/A
rs3807849  TGTCCAGAGCAAGAATGCCACTCA CGTGAGGTTTGTGCCATTTGCCTA N/A
rs9472 GGGAGTGAGTTTCTCTCTCTCTAC TAACCTGGAAGCAAGCAGTAGGCA N/A
rs10276256 GCTCTTTCTTCTTATCTCGGCAAGC CCACAACCCACACACACATTCGAT N/A
rs3757510 CAGCGACGACTGAATGAACTT GCCATTTGTAGCAGTTTCATCTTCTC N/A  
 
3.6 DNA SEQUENCING AND GENOTYPE DETERMINATION 
Genotypes were determined using the four-enzyme pyrosequencing technology which is 
incorporated in the commercial PSQTM HS 96 system. The PSQ system incorporates the enzymes 
DNA polymerase, ATP sulfurylase, luciferase, and apyrase. The pyrosequencing process begins 
with the isolation of the biotin bead along with the attached single stranded DNA template. For 
the isolation of each individual PCR product 5ul of PCR reaction was combined in the following 
solution: 38ul binding buffer (containing 10mM Tris-HCL, 2M NaCl, 1mM EDTA, 0.1% 
TweenTM 20), 35ul H2O, and 2ul of Streptavidin Sepharose TM High Performance beads 
Amersham Biosciences.  The solution was mixed on a shaker for 15 minutes at 23º C and 
14000rpm. Immediately after this mix, the single stranded DNA attached to the streptavidin 
beads was isolated using a vacuum prep tool. The bead/DNA combination was then washed for 
30 seconds in 70% ethanol, it was denatured in a 0.2M NaOH solution, and it was washed in a 
wash buffer (containing 10mM Tris, pH 7.6). Next, following the wash, the single-stranded DNA 
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was combined with the sequencing primer solution containing 10.8ul 10x annealing buffer 
(containing 20mM Tris-Acetate and 2mM Mg-Acetate), and 1.2ul of the pyrosequencing primer 
(concentration 3pmol/ul). The final solution was then placed on a hot plate for 2 minutes to allow 
the sequencing primer to hybridize to the single stranded DNA template.  The solution was 
allowed to cool for 15 minutes prior to the sequencing step.  
This final DNA solution was placed in 96 well plate format into the pyrosequencing 
machine purchased from the Biotage Corporation. The reagents were then added into the 
machine. The reagents that were used included the four enzymes and the nucleotides, all of 
which were included in the Pyro Gold CDT reagents made by Biotage. Repeated cycles of 
nucleotide addition were performed within the pyrosequencing machine which allowed each 
nucleotide to incorporate into the DNA strand only if it was complementary to the base in the 
template strand. Synthesis of the DNA was accompanied by the release of a pyrophosphate equal 
in molarity to that of the incorporated nucleotide. The pyrophosphate (PPi) was converted to 
ATP by the enzyme ATP- sulfurylase. The ATP then reacted with the luciferase enzyme and it 
was converted into light. This light was recorded in real-time signals, and the amount of light 
produced was proportional to the amount of ATP generated and was therefore proportional to the 
number of nucleotides incorporated. The light was focused into a highly sensitive CCD (charge 
coupled device) camera within the pyrosequencing machine.  After each nucleotide addition, 
non-incorporated nucleotides were degraded by the apyrase enzyme. The cycle was then 
repeated for the addition of each individual nucleotide. Only one specific nucleotide was released 
at a time. The order in which the nucleotides were dispensed was based on the specific DNA 
sequence to be analyzed, and therefore varied from SNP to SNP. For the specific dispensation 
order refer to Table 6. 
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SNP Sequence to be analyzed Dispensation order
rs3807830 GC/GAGTACAAAATTCCA TCGCAGTAC
rs2348895 CCC/TTCCTTCAATCT GCTGCTCAT
rs2058519 CAGA/GGAGAAATACACGTT GCAGAGAGAGT
Table 6. Pyrosequencing Assay Information. 
 
The real time data output from the CCD camera was then visualized graphically in the 
form of a pyrogram, as the data was analyzed automatically by the computer. The data could 
have also been manually analyzed by a user on the computer (110). The peak heights seen in the 
pyrogram were directly proportional to the number of nucleotides incorporated. If a nucleotide 
was dispensed that was not complimentary to the next nucleotide in the template strand, no light 
was produced, and no peak was seen on the pyrogram. The nucleotide sequence could then be 
visualized by the peaks in the pyrogram. A new peak was created as each nucleotide was bound 
to its complementary base on the DNA strand. If more than one of the same nucleotide was 
added, for example two adenines in a row, the peak produced was 2 times the height of a single 
peak, rather than 4 separate peaks.  The principal of the pyrosequencing process is shown Figure 
4 (110). 
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Figure 5. The Principle of Pyrosequencing (110). 
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The PSQTM HS 96 system automatically analyzed our data. The computer represents its 
data analysis using three color calls. A blue call indicated that the pyrosequencing run passed; 
this means that the area around the SNP (“sequence to be analyzed”) had the expected 
nucleotides in the expected order. It also means that there was a low signal-to noise ratio, 
meaning that there was not excess background light present besides the true signal. A yellow call 
indicated that the run is questionable, which means that the “sequence to be analyzed” was not 
exactly as expected by the data input in the computer system. In this case the SNP genotype data 
may have still been correct, but there may have been some difficulty in sequencing in the area 
around the SNP. Biotage suggests that yellow calls should be manually analyzed before the 
genotype data is used. The last type of call is a red call, which indicated a failed run. This ment 
that the data obtained by pyrosequencing was much different expected. This may have been due 
to an error in the PCR process, an error in primer design, or a high background to noise ratio. In 
our experiment all SNP analysis were performed in duplicate. Only samples that had two blue 
calls made by the pyrosequencing machine were used for our results. If there was an error in 
sequencing producing a yellow or red call, the PCR and pyrosequencing steps were repeated to 
attempt to obtain two passing sequencing runs. If two passing runs (blue) were not obtained the 
sample data was not used, and is recorded in the result section as “no results”. 
 
3.7 STATISTICAL METHODS 
The allele frequencies were calculated by manual allele counting. The chi-squared test for 
Hardy-Weinberg equilibrium (HWE) was applied to assess the deviations of the observed 
genotypes from the expected HWE allele frequencies.  
Fisher’s exact test was used to determine whether there was a difference in the observed 
vs expected allele frequencies between the control population and the diabetic cases. This test 
was applied using 2x2 tables to analyze the difference between the common homozygote vs the 
heterozygote plus the rare homozygote in both the controls and the pooled diabetic cases. The 
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test was also performed to compare the common homozygote plus the heterozygote vs the rare 
homozygote for SNP rs2058519.  
Fisher’s exact test was used to analyze the data using 3x2 tables to assess the difference 
between the three possible allele types. This test was again performed comparing the 106 pooled 
diabetic cases to the non-diabetic controls. 
Fisher’s exact test was also applied to analyze the original 73 diabetic cases versus the 
extra 33 diabetic cases. This test was performed to establish that there is no significant difference 
between these two populations to support pooling the two sample populations.  
The HWE analysis was performed using the web-based calculator located at the URL:  
http://www.genes.org.uk/software/hardy-weinberg.shtml. These results were confirmed by 
performing the calculations by hand. All other statistical analysis was performed using the 
statistical program STATA 7.0. 
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4.0  RESULTS 
4.1 GENOTYPE COMPARISON AT THREE SNP LOCI 
The genotype and allele frequencies established for the three ICA1 SNPs are shown in Tables 7-
9. Although we were not able to obtain genotype data for 100% of the individuals we tested, we 
were able to sequence 99.96% of our total samples.   
 
 
 
Table 7. Genotype data for rs3807830 in diabetics and controls. 
  Controls     Original Diabetics   Pooled Diabetics 
Genotype n %  n %  n % 
G/G 69 87.3   58 79.5   88 83 
C/G 10 12.7  9 12.3  12 11.3 
C/C 0 0  0 0  0 0 
No results 0 0  6 8.2  6 5.7 
              
Total 79     73     106   
 
 
 
 
Table 8. Genotype data for rs2348895 in diabetics and controls. 
  Controls     Original Diabetics   Pooled Diabetics 
Genotype n %  n %  n % 
C/C 68 86.1  60 82.2  88 83 
C/T 9 11.4  8 11  11 10.4 
T/T 1 1.2  0 0  0 0 
No results 1 1.2  5 6.8  7 6.6 
               
Total 79    73     106   
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Table 9. Genotype data for rs2058519 in diabetics and controls. 
  Controls     Original Diabetics   Pooled Diabetics 
Genotype n %  n %  n % 
A/A 36 44.3  42 57.5  64 60.4 
A/G 36 45.6  24 32.9  32 30.2 
G/G 7 8.9  1 1.4  1 0.94 
No results 1 1.2  6 8.2  9 8.4 
             
Total 79     73     106   
 
 
 
The comparisons of the original diabetic samples to the additional diabetic samples are 
shown in Tables 10-12. The large p-values for these comparisons indicate that there is no 
evidence to suggest a statistical difference between the original and additional diabetic samples. 
 
 
 
Table 10.  Comparison of original diabetic samples versus additional diabetic samples for SNP 
rs3807830. 
  G/G C/G C/C Total 
Original 
Diabetics 58 9 0 67 
Extra Diabetics 30 3 0 33 
Total 88 12 0 100 
Fisher's exact= 0.746    
   
 
 
Table 11.  Comparison of original diabetic samples versus additional diabetic samples for SNP 
rs2348895. 
  C/C C/T T/T Total 
Original 
Diabetics 60 8 0 68 
Extra Diabetics 28 3 0 31 
Total 88 11 0 99 
Fisher's exact= 1.000    
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Table 12.  Comparison of original diabetic samples versus additional diabetic samples for SNP 
rs2058519. 
  A/A A/G G/G  Total 
Original 
Diabetics 42 24 1 67 
Extra Diabetics 22 8 0 30 
Total 64 32 1 97 
Fisher's exact= 0.644    
 
 
 
The genotype frequencies of each ICA1 SNP were compared between the pooled diabetic 
cases and control subjects using 3x2 tables (Tables 13-15). The p-value of 1.00 (Fisher’s exact 
test) obtained for SNP rs3807830, comparing the pooled cases vs the controls, shows no 
significant difference between the cases and controls (Table 13).  
The p-value of 0.707 (Fisher’s exact test) for rs2348895 comparing the pooled cases vs 
the controls shows no significant difference between the cases and controls (Table 14).  
There appears to be a significant difference between the diabetic cases and the controls 
for SNP rs2058519 (Table 15). A p-value of 0.003 (Fisher’s exact test) was obtained when 
comparing the control samples to the pooled diabetic samples at this SNP. This value is less than 
the cutoff value of 0.05 that we are using in this study to determine statistical significance and 
therefore there is a statistically significant difference between the two groups at this SNP.  
 
 
 
Table 13.   3x2 Table comparison of pooled cases vs control samples for SNP rs3807830. 
  G/G C/G C/C Total 
Pooled Cases 88 12 0 100 
Controls  69 10 0 79 
Total 157 88 12 100 
Fisher's exact =1.000    
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Table 14.  3x2 Table comparison of pooled diabetic cases vs control samples for SNP rs2348895. 
  G/G C/G C/C Total 
Pooled Cases 88 11 0 99 
Controls 68 9 1 78 
Total 156 20 1 177 
Fisher's exact= 0.707    
 
 
 
 
Table 15. 3x2 Table comparison of pooled diabetic cases vs control samples for SNP rs2058519. 
  A/A A/G G/G Total 
Pooled Cases 64 32 1 97 
Controls 35 36 7 78 
Total 99 68 8 175 
Fisher's exact= 0.003    
 
 
 
The genotype frequencies of each of the ICA1 SNPs were also compared between the 
pooled diabetic cases and control subjects using 2x2 tables. For this analysis, the individuals who 
had the common homozygous genotype were compared to individuals who had either the 
heterozygous genotype or the rare homozygous genotype (Tables 16-18). The comparison was 
also assessed using Fisher’s exact test. For SNP rs3807830there appeared to be no difference 
between the cases and the controls p= 1.00. For SNP rs2348895 there also appeared to be no 
difference between the diabetic cases and the controls samples p= 0. 816 
There again appeared to be a significant difference between the diabetic cases and the 
control samples at SNP rs2058519. Comparing the pooled diabetic cases to the non-diabetic 
controls there was a p-value of 0.004 (Table 18). The odds ratio for this comparison was 2.38 
and the 95% CI was 1.2 to 4.6. This indicates that individuals with the AA genotype are 2.38 
times more likely to be affected with type 1 diabetes compared to those with the AG or GG 
genotype.   
A comparison of genotype frequency was also performed for SNP rs2058519 to compare 
individuals with the common homozygote or the heterozygous genotype to individuals with the 
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rare homozygote (Table 19). There again appears to be a significant difference between cases 
and controls with this assessment at this SNP location p= 0.023. 
 
 
 
Table 16.  2x2 Table comparing individuals with the common homozygote vs the rare homozygote or 
heterozygous individuals for SNP rs3807830. 
  GG CG/CC Total 
Pooled Cases 88 12 100 
Controls 69 10 79 
Total 157 22 179 
Fisher's exact p-value= 1.00       
 
 
 
Table 17.  2x2 Table comparing individuals with the common homozygote vs the rare homozygote or 
heterozygous individuals for SNP rs2058519. 
  CC CT/CC Total 
Pooled Cases 88 11 99 
Controls 69 10 79 
Total 157 21 178 
Fisher's exact p-value= 1.00       
 
 
 
 
Table 18.  2x2 Table comparing individuals with the common homozygote or heterozygous 
individuals vs those with the rare homozygote for SNP rs2058519. 
  AA AG/GG Total 
Pooled Cases 64 33 97 
Controls 35 43 78 
Total 99 76 175 
Fisher's exact p-value= 0.004       
Odds Ratio= 2.383     
95% CI= 1.23-4.6       
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Table 19.  2x2 Table comparing individuals with the common homozygote or heterozygous 
individuals vs those with the rare homozygote for SNP rs2058519. 
  AA/AG GG Total 
Pooled Cases 96 1 97 
Controls 71 7 78 
Total 167 8 175 
Fisher's exact p-value= 0.023       
 
4.2 HWE ANALYSIS OF GENOTYPING DATA 
 
All samples appeared to be in Hardy-Weinberg Equilibrium (HWE) using the chi-squared test 
for HWE (Table 20). None of the chi-squared p-values obtained from this test was significant. 
This means that the null hypothesis that the samples are in HWE cannot be rejected. We do not 
have enough evidence to suggest that the samples are not in HWE. Based on this preliminary 
information we would expect that additional samples would also be in HWE. 
 
 
 
 
Table 20.  HWE chi-squared p-values for the three SNPs studied. 
  rs3807830 rs2348895 rs2058519 
Controls P=0.36 p=1.12 p=0.28 
Pulled Diabetic Cases P=0.41 p=0.34 p=1.93 
Original Diabetic 
Cases p=0.35 p=0.27 p=1.41 
Ho=Samples are in HWE   
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5.0  DISCUSSION 
5.1 SNP SIGNIFICANCE 
In the gene ICA1 at SNP rs2058519 there appears to be a clear difference in the genotype data 
between the control individuals and the diabetic cases. This is an intronic SNP and thus located 
in an untranslated region of the gene. Our data indicates that the odds that individuals with the 
AA genotype have type 1 diabetes are 2.383 times more likely than individuals with the AG or 
GG genotype. However, the data clearly show that not all individuals with the AA genotype have 
type 1 diabetes, and therefore as expected, this is not a dominant locus. This finding appears to 
support our hypothesis that SNPs within the ICA1 gene contribute to the onset to type 1 diabetes. 
The other two SNPs analyzed in this study rs3807830, and rs2348895 showed no significant 
difference, and the genotype at these locations does not appear to significantly differ between 
diabetic and non-diabetic individuals.  
 
5.2 POSSIBLE FUNCTIONAL RELATIONSHIP OF AN INTRONIC 
POLYMORPHISM 
Although this ICA1 SNP is located in an intronic region, it is possible that it still plays a 
functional role and may affect alternative splicing or gene transcription. Further studies are 
necessary to determine the functional role that SNP rs2058519 may play in the disease process. 
There is currently is no published data suggesting that SNPs within the non-coding regions of the 
ICA1 gene in humans or animal models are associated with type 1 diabetes. However, the 
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previously discussed unpublished data by Chang and Pietropaolo et al. suggests that a single 
SNP in non-coding promoter region of ICA1 may significantly affect ICA69 transcription in the 
thymus. The decreased thymic expression could in turn contribute to negative ICA1 selection in 
the thymus resulting in failure to destroy autoreactive T-cells directed against ICA69, and 
therefore may play a role in autoimmune diabetes pathogenesis. 
A similar study was performed by Bassuny et al. studying the FOXP3/Scurfin gene, 
which is also believed to be associated with type 1 diabetes (111). Bassuny’s group studied 
single nucleotide polymorphisms as well as microsatellite changes in the intronic and promoter 
regions of the gene. The study demonstrated that two microsatellite polymorphisms in two 
different introns were in significant linkage disequilibrium, and that there was a clear difference 
at these sites in diabetic versus control patients. It was also found that the genetic changes caused 
a significant difference in enhancer activity, and therefore the gene appears to play a role in the 
onset of type 1 diabetes in the Japanese population they were studying. The group’s data 
supports our study design to scan the intronic regions of the ICA1 gene to determine if there is a 
significant difference between cases and controls.  
5.3 IDEAL SAMPLE SIZE 
The initial power calculations performed by a collaborating biostatistics group at CMU 
suggested that 400 non-diabetic control individuals and 400 diabetic cases would be necessary to 
provide >90% power to identify major haplotypes. Based on this information and the number of 
individuals we were able to genotype in this study, at least 322 additional control individuals and 
303 additional type 1 diabetic individuals should be genotyped to provide data that reaches the 
appropriate power.  
This study is a preliminary study to determine whether there was a difference between 
diabetics and controls at these three genetic loci. This research suggests a possible association 
between SNP rs2058519 and type 1 diabetes. Once the experiment has been conducted to its full 
power (>400 samples for both cases and controls) replication of the results will be important to 
assure us that the discovered associations are real. Once full power has been achieved, the 
Bonferroni correction should be applied. This technique should be applied to assess the 
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probability that a type 1 error is made when assessing the data. A type 1 error is the chance of 
incorrectly declaring a difference, or relationship as true simply due to chance. This test will 
support that the associations we find are true. Due to the fact that our study has currently not 
achieved its optimal N value, we feel that this correction measure is not applicable at the present 
time, but we support the use of this statistical method once the appropriate power has been 
achieved.  
 
5.4 FUTURE STUDIES/APPROACH 
In the future it will be important to determine if there is a difference at the additional 23 SNP loci 
that have not yet been assessed in this preliminary experiment. Original tag SNPs were 
determined using the International HapMap 1 project (112). The HapMap is an international 
collaboration in which genetic data is gathered from African, Asian, and European countries. The 
goal of the group is to compare genetic sequence variants to aid in finding the genes involved in 
disease and drug therapy responses. Genetic variants will be compared to determine if there are 
any major genetic differences in various ethnic populations around the world. The 26 SNPs 
identified in this study were obtained using the first HapMap build. At the beginning of our study 
a total of 44 Tag SNPs were identified in the ICA1 gene. In the most recently updated HapMap 2 
build a total of 260 ICA1 tag SNPs exist. Prior to the continuation of our project, the new build 
should be accessed to consider other possible SNPs of interest. Our group plans to use this build 
to identify any new “true” SNPs. All “true” SNPs identified in the ICA1 locus will then be 
genotyped in both diabetic cases and control subjects.  
Based on the fact that we identified one SNP in ICA1 which may be associated with type 
1 diabetes, we should consider continuing our screening by first focusing on SNPs that are 
located close to SNP rs2058519 to determine if there are several SNPs in linkage disequilibrium. 
It is also essential to incorporate information between multiple SNP loci to compare the 
haplotype frequency profiles between the cases and controls. The haplotype frequency will 
determine if several SNPs in the ICA1 gene are inherited together. The overall goal of the project 
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is to determine whether there are undiscovered variants in the ICA1 gene which are associated 
with type 1 diabetes susceptibility, and to determine if there is a difference in the haplotypes 
between the cases and controls. 
In addition to the case control study, family-based association tests are also important to 
determine if associations can be identified between ICA1 SNPs and type 1 diabetes. The most 
widely used family based association test is the Transmission Disequilibrium Test (TDT test) 
(113). This test first developed by Spielman et al. applies analysis using a proband and their two 
parents (114), occasionally this technique may also include unaffected siblings. (110). Although 
other techniques have been suggested to replace this technique (115), thus far it has been 
demonstrated that the original TDT test provides the greatest power (114). The main purpose of 
the TDT test is to assess the different transmission pattern of allels from heterozygous parents to 
their diseased children. The goal of this test is to determine if there is a variation from the 
expected transmission frequency of 0.5 (116). The TDT test is capable of showing a valid 
association even if there is population stratification (114, 116). The test has been used to identify 
associations between several HLA-DQ genetic variants and type 1 diabetics using case-parent 
trios in various ethnic populations (113,116, 117, 118). 
Complex traits, such is type 1 diabetes, are suspected to involve both multiple genetic as 
well as environmental factors.  We would like to examine these gene-gene interactions by using 
logistic regression to determine if there is a significant difference between cases and controls 
when considering multiple loci. In particular, we are interested in is determining whether the 
various HLA-DQ alleles interact with allelic differences in the ICA1 gene.  
Overall, we will need to analyze our data sets to determine if the current and future 
associations we find, such as the association we found in rs2058519, play a ‘true’ causal role in 
disease pathogenesis and if particular SNPs are in linkage disequilibrium with other variants. 
5.5 GENOTYPING TROUBLE SHOOTING 
One major setback with the pyrosequencing technique is that genotype data are not always 
obtained for every sample in each run, which often requires pyrosequencing repetition in order to 
obtain valid data. Therefore, the technique is less time efficient than is theoretically expected. 
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There are several reasons a run could fail to produce genotype data, including ineffective PCR 
product, degradation of the PCR or pyrosequencing primers, and poor binding of the Streptavidin 
Sepharose to the PCR product (this could be due to improper suction with the tool used for this 
procedure). Another trouble shooting idea to consider is that we know the peak compensation 
level as well as the stringency level used by the pyrosequencing computer to determine if a run 
successfully passed can be altered to get a greater number of passing calls. However, we used the 
default factory settings with our data to assure that we would be using the most stringent testing 
and obtaining the most accurate data. It may be possible to alter these settings in order to obtain a 
greater percentage of passing calls with each run without jeopardizing the quality of the data.  
5.6 OTHER POSSIBLE TECHNIQUES  
The genotyping method used in the study has proven to be an effective genotyping technique. 
However, other assays have been developed to analyze high-throughput methods for genotyping 
SNPs. One such method that should be considered is the TaqMan or 5’ nuclease allelic 
discrimination assay (112). This assay has an error rate of less than 1 in 2000 genotypes. It uses 
one fluorescent reader and five 96 well PCR machines, and does not require automated pipetting. 
It is reported that a single individual can genotype over 1000 samples in one day, and that it is 
possible to test a new SNP association in less than 1 week (119).   
 
5.7 SUMMARY 
This study has genotyped 3 SNPs within the promoter region of the ICA1 gene. Differences 
between diabetes and control subjects were analyzed. A significant difference was found 
between the diabetic cases and control subjects at SNP rs2058519 (Fisher’s exact p-value= 
0.0003). No significant associations were found at the two other SNP locations rs3807830, or 
rs2348895. This project has provided additional information about the genetics of type 1 diabetes 
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and serves as the basis for further studies. Understanding the genetics associated with type 1 
diabetes has an important public health significance because it will allow for improved 
prediction and treatment and may possibly aid in the development of a cure. 
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